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@ A semiconductor device comprises an insulating 
region residing adjacent to a first semiconductor 
region, a control electrode residing via the insulating 
region, a second semiconductor region and a third 
semiconductor region, which have an opposite con- 
duction type to that of the first semiconductor region, 
residing adjacent to and carrying therebetween the 
first semiconductor region. When the first, second 
and third semiconductor regions and the control 
electrode are grounded, the first semiconductor re- 
gion in contact with the insulating layer is adjusted to 
be in weak Inversion state, and the potential of the 
control electrode and that of the first semiconductor 
region are electrically coupled to be operable. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to semiconductor 
devices and fabrication nnethods thereof. In particu- 
lar, the invention relates to semiconductor devices 
formed on an SOI (Silicon on Insulator) substrate 
and fabrication methods thereof. Also, the invention 
relates to bipolar transistors having a control elec- 
trode formed via an insulating film on a base re- 
gion. 

Related Background Art 

In the development of advanced information 
society nowadays, there has been a great contribu- 
tion of improved technology for semiconductor de- 
vices such as transistors. Among such devices is 
included a vertical bipolar transistor such as a 
planar bipolar transistor. The vertical bipolar tran- 
sistor operates at high speed as a single element, 
and can act effectively for the current amplification 
and switching. However, when incorporated as an 
element into an integrated circuit, the vertical bi- 
polar transistor is difficult to combine with con- 
denser or other transistor from the problem of the 
process times. One method of constituting an in- 
tegrated circuit by the combination of a bipolar 
transistor with other element is to arrange laterally 
the bipolar transistor to enhance coordination with 
the process times. There is a Bi-CMOS structure in 
which a MOS transistor is chosen as other element 
to combine with the bipolar transistor. Bi-CMOS 
allows for the design of logics with high speed and 
low consumption power, because the bipolar tran- 
sistor operating at high speed and the MOS tran- 
sistor operating at low consumption power can be 
incorporated into one IC. 

The process of incorporating the bipolar tran- 
sistor as one element in IC of Bi-CMOS fabricated 
on silicon wafer is referred to as a silicon wafer 
bulk process. Conventionally, the vertical bipolar 
transistor and the lateral bipolar transistor has been 
formed through the silicon wafer bulk process, as 
shown in Figs. 67 and 68. 

In Fig. 67. an NPN-type vertical bipolar transis- 
tor 301 is electrically separated from other ele- 
ments by an element separation region 302. Here- 
in. 303 is a P-type silicon substrate, 304 is an N"^- 
type region which is a collector region for the 
vertical bipolar transistor 301. 305 is an N~-type 
epitaxial region, 306 is a collector lead-out layer, 
307 is a P-type region for element separation, 308 
is a selective oxidation region. 309 is a P-type base 
region, 310 is an N^-type emitter region, 311 is an 
interlayer insulating layer, 312, 313. and 314 are Al 
electrodes, and 315 is a passivation insulating lay- 
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er. 

In Fig. 68, a PNP-type lateral bipolar transistor 
is shown. The PNP-type lateral bipolar transistor 
321 is electrically separated from other elements 

5 by an element separation region 322. Herein, 323 
is a P-type silicon substrate, 324 is an N'^-type 
region which is a base region for the lateral bipolar 
transistor 321 , 325 is an N~-type epitaxial region, 
326 is a base lead-out layer, 327 is a P-type region 

10 for element separation. 328 is a selective oxidation 
region, 329 is a P'^-type emitter region, 330 is an 
P"^-type collector region, 331 is an interlayer in- 
sulating layer, 332. 333, and 334 are Al electrodes, 
and 335 is a passivation insulating layer. 

75 In the silicon wafer bulk process, if the element 

separation region for separating transistor from oth- 
er elements is not provided as above described, 
some elements bring about latch-up or a parasitic 
transistor is produced. Or even if the element sepa- 

20 ration region is provided, the element separation 
may not be successful. For these reasons. ICs 
sometimes bring about malfunction to be inopera- 
ble according to the design. 

In practice, Bi-CMOS is used for decoder unit 

25 such as a DRAM, and has a structure as illustrated 
in Figs. 69A and 69B: However, when this Bi- 
CMOS is formed of bulk silicon, the process be- 
comes extremely complex because the fabrication 
of CMOS and vertical bipolar transistor and ele- 

30 ment separation must be performed. Therefore, the 
yield is reduced and the cost is increased. If the 
lateral bipolar transistor is fabricated on the bulk, 
the process times may be decreased, but the ele- 
ment separation region must be made. To resolve 

35 this problem, numerous researches have been 
made for forming Bi-CMOS on the SOI substrate. 
The fabrication of Bi-CMOS using the SOI sub- 
strate allows the dielectric separation between ele- 
ments to be simpler. When fabricating bipolar tran- 

40 sistor using the SOI substrate, the lateral bipolar 
transistor may be fabricated in smaller number of 
process times. The lateral bipolar transistor may be 
inferior in performance to the vertical bipolar tran- 
sistor, but can be fabricated through the fabricating 

45 process which is also used for the CMOS fabrica- 
tion. Further, since the lateral bipolar transistor is 
fabricated on the SOI structure, it can eliminate any 
external base between emitter and base which will 
cause a degradation of current amplification gain 

50 (hpE) so that its characteristics can be improved. 

The method of forming MOS transistor on the 
SOI substrate is suitable from the respects of sup- 
pressing the short channel effect and making the 
microstructure of element. From the above rea- 

55 sons, the method of forming Bi-CMOS having lat- 
eral bipolar transistor on the SOI substrate is ex- 
pected to be promising. 
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In fabricating Bi-CMOS on the SOI substrate, 
the lower voltage is required from the point of the 
withstand voltage and consumption power of ele- 
ment for the microstructure of necessary elements. 
However, in the bipolar transistor, the potential Vbe 
between emitter and base is not zero volt, and may 
be about 0.6 to 0.7 volt at minimum. Consequently, 
in a circuit as shown in Fig. 70, the amplitude of 
signal transferred is reduced 1.2 to 1.4 volts from 
the power source voltage of 3,3 volts, and it is 
necessary that the effective voltage for the driving 
is 1.9 to 2.1 volts. That is, the on-state voltage of 
bipolar transistor is about 0.7V while the on-state 
voltage of MOS transistor is about 0.3 to 0.4V. 

From such reasons, there is a problem that the 
driving power for Bi-CMOS is extremely degraded 
at low voltages, for which it is the only way in the 
state of the art to construct Bi-CMOS with the MOS 
circuit when the lower voltage ICs for use with 
portable commodities are made or the reduction of 
power voltage due to microstructure is obliged. The 
construction only with the MOS circuit may not 
allow the high speed IC to be fabricated. 

The present inventors have proposed one 
method of resolving this problem in which a bipolar 
transistor provided with a control electrode on the 
base region (hereinafter referred to as a bipolar 
transistor with control electrode) is used to reduce 
the on-state voltage equivalent to that of the MOS 
transistor. This transistor can provide an on-state 
current with a large threshold for the on-state volt- 
age by applying a voltage to the control electrode 
to adjust the base region to be in weak inversion 
state (the p-type base region becomes i-type for 
the NPN transistor). 

Fig. 71 shows a structure of the bipolar transis- 
tor with control electrode. In Fig. 71, 501 is an 
oxide film, 502 is a collector, 503 is a base, 504 is 
an emitter, 505 is an oxide film (insulating film), 
506 is a control electrode, 507 is an interlayer 
insulating film, and 508 is a metal electi-ode. 

Fig. 72 shows a gamme! plot diagram of the 
bipolar transistor with control electrode. In Fig. 72, 
the solid line indicates the characteristic of the 
bipolar transistor with control electrode, and the 
dashed line indicates the characteristic of conven- 
tional bipolar transistor. The axis of ordinates in- 
dicates the base current (Is) and the collector cur- 
rent (Iq), and the axis of abscissas indicates the 
base voltage. Supposing that the on-state current 
occurs when the collector current (Iq) flows at 1 
nA, it will be found that the on-state voltage of 
conventional bipolar transistor not having control 
electrode is about 0.7V, while that of the bipolar 
transistor with control electrode is smaller such as 
about 0.4V. That is, the lateral bipolar transistor 
with control electrode can flow the equal on-state 
current with smaller on-state voltage than the bi- 



polar transistor having no control electrode. 

On the other hand, it is desired that the bipolar 
transistor with control electrode may be operated at 
higher speed. But since the transistor of Fig. 71 is 

5 of lateral type, the base width (tei in Fig. 71) 
significantly affecting the high speed characteristic 
may be determined by photolithography technique. 
In the state of the art, the base width becomes 
about 0.5 um at minimum, making it difficult to 

10 fabricate the high speed transistor. Hence, the 
present inventors have devised a fabrication meth- 
od for reducing the base width of the bipolar tran- 
sistor with control electrode. 

Also, the bipolar transistor with control elec- 

75 trode as shown in Fig. 71 must control the voltage 
between the control electrode and base region so 
that the base region may be in weak inversion 
state, and always maintain its voltage during opera- 
tion. Therefore, the present inventors have devised 

20 a semiconductor device which needs no application 
of voltage between the control electrode for the 
bipolar transistor with control electrode and the 
base region. 

25 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a transistor with high speed and large current am- 
plification factor, and a fabrication method which is 

30 highly coordinated with MOS transistor manufactur- 
ing process. 

Specifically, it is an object of the present inven- 
tion to provide a semiconductor device capable of 
performing the low voltage operation which could 

35 not be implemented with conventional bipolar tran- 
sistors through the same process as CMOS fab- 
rication in the bipolar transistor with control elec- 
trode. 

It is a second object of the present invention to 
40 allow a Bi-CMOS circuit necessary for driving large 
load capacitor at high speed to be operated at low 
voltage. 

It is a third object of the present invention to 
provide a semiconductor device which can be 
45 driven at low voltage and a fabrication method 
thereof in such a way as to make a transistor with 
control electrode of 0.3 um or less by. for example, 
micro exposure process technique of about 1 um 
rule. 

50 It is a fourth object of the present invention to 

provide a bipolar transistor which is operable at low 
voltage by controlling the voltage of control elec- 
trode, and is capable of withstanding the large 
current, with a narrow base width and excellent 

55 high speed characteristic by forming the base re- 
gion by diffusion of impurities. 

It is a fifth object of the present invention to 
readily fabricate a bipolar transistor with control 
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electrode in a multi -emitter structure, which is ap- 
plicable for the uses where large current is re- 
quired. 

In the light of the above objects, and as a 
result of effortful studies, the present inventors 
have attained an invention as set forth below. 

That is, a semiconductor device of the present 
invention comprising an insulating region residing 
adjacent to a first semiconductor region, a control 
electrode residing via said insulating region, a sec- 
ond semiconductor region and a third semiconduc- 
tor region, which have an opposite conduction type 
to that of said first semiconductor region, residing 
adjacent to and carrying therebetween said first 
semiconductor region, characterized in that in the 
state where said first, second and third semicon- 
ductor regions and said control electrode are 
grounded, said first semiconductor region in con- 
tact with said insulating layer is adjusted to be in 
weak inversion state, and the potential of said con- 
trol electrode and that of said first semiconductor 
region are electrically coupled to be operable. 

A structure may be taken in which said first, 
second and third semiconductor regions reside on 
a bulk semiconductor, and semiconductors in said 
first, second and third semiconductor regions are 
arranged in contact with one another in the order of 
said second, first and third semiconductor regions. 

It is desirable that said first, second and third 
semiconductor regions reside on an insulating sub- 
strate, and said first, second and third semiconduc- 
tor regions are in contact with one another in the 
order of said second, first and third semiconductor 
regions, and in contact with said insulating sub- 
strate to have a structure of Silicon on Insulator 
(SOI). 

Also, it is desirable to set the work function of 
said control electrode material, the film thickness of 
said insulating layer, and the impurity concentration 
of said semiconductor region of the first conduction 
type so that said first semiconductor region in 
contact with said insulating layer may be in weak 
inversion state. 

Herein, it is possible that said control electrode 
is a gate electrode, said first semiconductor region 
is a channel region directly below the gate elec- 
trode, said second and third semiconductor regions 
are a source region and a drain region to constitute 
a MOS transistor. 

It is desirable that said first semiconductor re- 
gion in contact with said insulating layer is in weak 
inversion state, and a depletion layer with MOS 
structure reaches said insulating substrate. 

Also, it is desirable to set the work function of 
said control electrode material, the film thickness of 
said insulating layer, and the impurity concentration 
and film thickness of said first semiconductor re- 
gion so that said first semiconductor region in 
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contact with said insulating layer may be in weak 
inversion state. 

Also, a bipolar transistor may be constituted in 
such a way that said first semiconductor region is a 
5 base region, said second and third semiconductor 
regions are an emitter region and a collector re- 
gion, respectively. 

Herein, the distance from emitter junction of 
said base region to collector junction is desirably 
10 equal to or less than 0.3 urn. 

Then, it is desirable that a bipolar transistor is 
constituted by forming the base region of said first 
semiconductor region by diffusion of impurities 
from the substrate surface, and forming said con- 
15 trol electrode via an insulating film on the side of 
said base region. 

Herein, the impurity concentration profile in 
said base region is desirably smaller from emitter 
junction to collector junction. 
20 Also, two or more emitter regions serving as 

said second semiconductor region are desirably 
formed. 

It is desirable that a thin oxide film is provided 
between the emitter region serving as said second 
25 semiconductor region and the emitter electrode, 
the conduction between said emitter region and 
said emitter electrode being made through the use 
of tunnel current. 

Then, SOI (Silicon on Insulator) is desirably 
30 constituted with said semiconductor device made 
on an insulator. 

The emitter region serving as said second 
semiconductor region is desirably constituted from 
a semiconductor having a larger forbidden band 
35 width than the semiconductor constituting said 
base region. 

Herein, said semiconductor having larger for- 
bidden band width is desirably constituted of 
microcrystalline or amorphous semiconductor. 
40 Also, said semiconductor having large forbid- 

den band width is desirably constituted of SiC. 

The present invention also encompasses the 
fabrication methods thereof. That is, the first fab- 
rication method of the present invention is a fab- 
45 rication method for a semiconductor device 
wherein an emitter region, a base region and a 
collector region are laterally formed on an SOI 
substrate having a semiconductor region on the 
surface of an insulating layer or insulator, and com- 
50 prising an electrode for controlling the potential of 
the base region via an insulating film, characterized 
by including the following processes (A) to (E) 
which are performed in sequence: 

(A) a process of forming a first insulating film 
55 region and a second insulating film region hav- 
ing a greater thickness than that of said first 
insulating film region on said semiconductor lay- 
er of the first conduction type provided on the 

4 
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surface of said insulating layer or said insulator, 

(B) a process of introducing and activating impu- 
rities of the second conduction type into said 
second semiconductor region below said first 
insulating film region with said second insulating 
film region as a mask, 

(C) a process of depositing a conduction film on 
said first and second insulating film regions and 
forming a control electrode by anisotropic etch- 
ing to leave behind at least a side wall conduc- 
tion film deposited in a stepped side wall portion 
between said first insulating film region and said 
second insulating film region to be directly 
above the base region, 

(D) a process of making said emitter region and 
said collector region by introducing and activat- 
ing impurities of the first conduction type with 
said control electrode and said second insulat- 
ing film region as a mask, and 

(E) a process of electrically connecting said 
control electrode with a lead-out electrode of 
said base region. 

The first fabrication method of the present in- 
vention may use a process of implanting C ions 
into the emitter region to constitute said emitter 
region of SiC. 

Further, the first fabrication method of the 
present invention may use a process of implanting 
Si ions into said emitter region to constitute said 
emitter region of microcrystalline semiconductor or 
amorphous semiconductor. 

The second fabrication method of the present 
invention is a fabrication method of a semiconduc- 
tor device wherein an emitter region, a base region, 
and a collector region are vertically formed, and 
the conduction type of said base region is con- 
trolled via a control electrode, characterized by 
including at least the following processes (A) to (E) 
which are performed in sequence: 

(A) a process of implanting impurity ions from 
the surface and performing heat treatment to 
make on a semiconductor substrate of the first 
conduction type, a well region of the second 
conduction type opposite to that of the semicon- 
ductor substrate, 

(B) a process of making epitaxial growth to 
deposit a region with small impurity concentra- 
tion of the second conduction type equal to that 
of said well region on said well region (the 
region made through this process is hereinafter 
abbreviated as an epitaxial region), 

(C) a process of implanting impurity ions of the 
second conduction type into a part of said epi- 
taxial region to make said emitter region a high 
concentration impurity region, 

(D) a process of removing selectively said epi- 
taxial region, 



(E) a process of depositing an insulating region 
on said epitaxial region. 

(F) a process of depositing a low resistive region 
on said insulating region and removing it with 

5 only the portion serving as the control electrode 

left behind, 

(G) a process of depositing a new insulating 
region to cover said control electrode, 

(H) a process of making said base region by 
10 implanting impurity ions of the first conduction 

type into said epitaxial region, and 
(J) a process of making said emitter region by 
implanting impurity ions of the second conduc- 
tion type into said epitaxial region. 
7 5 The second fabrication method of the present 

invention may use a process of implanting C ions 
in implanting impurity ions into said epitaxial region 
in said (J) process to constitute said emitter region 
of SiC to have a greater forbidden band width. 
20 Further, the second fabrication method of the 

present invention may use a process of implanting 
Si ions in implanting impurity ions into said epitax- 
ial region in said (J) process to constitute said 
emitter region of microcrystalline or amorphous Si 
25 to have a greater forbidden band width. 

The second fabrication method of the present 
invention may include a process (K) of depositing a 
thin insulating film on said epitaxial region which 
becomes an emitter region to render the current 
30 from emitter electrode to emitter region passing 
through the insulating film only a tunnel current 
after the (J) process. 

The second fabrication method of the present 
invention may include a process of making a plu- 
35 rality of emitter regions by implanting impurity ions 
of the second conduction type into the plurality of 
regions in the process (C). 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a cross-sectional view for explaining a 
fabrication process of semiconductor device. 

Fig. 2 is an explanation view showing a projec- 
tion of a semiconductor device according to an 
45 embodiment of the present invention. 

Fig. 3 is a graphic representation for explaining 
the comparison between the semiconductor device 
according to the embodiment of the present inven- 
tion and a conventional semiconductor device with 
50 the gammel plot. 

Fig. 4 is a graphic representation for explaining 
the comparison between the semiconductor device 
according to the embodiment of the present inven- 
tion and the conventional semiconductor device 
55 with the gammel plot. 

Fig. 5 is a band diagram for explaining an 
operation principle of the semiconductor device 
according to the embodiment of the present inven- 

5 
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tion. 

Fig. 6 is a cross-sectional view showing the 
constitution of a lateral bipolar transistor with con- 
trol electrode fabricated by a fabrication method of 
the semiconductor device of the present invention. 

Fig. 7 is a cross-sectional view of the lateral 
bipolar transistor with control electrode showing a 
fabrication process thereof in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 8 is a cross-sectional view of the lateral 
bipolar transistor with control electrode showing a 
fabrication process thereof in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 9 is a cross-sectional view of the lateral 
bipolar transistor with control electrode showing a 
fabrication process thereof in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 10 is a cross-sectional view of the lateral 
bipolar transistor with control electrode showing a 
fabrication process thereof in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 11 is a cross-sectional view of the lateral 
bipolar transistor with control electrode showing a 
fabrication process thereof in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Figs. 12A and 12B are a perspective view and 
a plan view of the lateral bipolar transistor with 
control electrode showing a fabrication process 
thereof in accordance with the fabrication method 
of the present invention. 

Fig. 13 is a cross-sectional view of a semicon- 
ductor device according to an embodiment of the 
present invention. 

Fig. 14 is a plan view of the semiconductor 
device according to the embodiment of the present 
invention. 

Figs. 15A and 15B are graphic representations 
for explaining the characteristics of the semicon- 
ductor device according to the embodiment of the 
present invention. 

Fig. 16 is a cross-sectional view of a semicon- 
ductor device according to another embodiment of 
the present invention. 

Fig. 17 is a cross-sectional view of the semi- 
conductor device according to the embodiment of 
the present invention. 

Fig. 18 is a plan view of the semiconductor 
device according to the embodiment of the present 
invention. 

Figs. 19A and 19B are graphic representations 
for explaining the characteristics of the semicon- 
ductor device according to the embodiment of the 
present invention. 
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Fig. 20 is an explanation view of the fabrication 
process of a semiconductor device according to 
the embodiment of the present invention. 

Fig. 21 is an explanation view of the fabrication 
5 process of semiconductor device according to the 
embodiment of the present invention. 

Fig. 22 is an explanation view of the fabrication 
process of semiconductor device according to the 
embodiment of the present invention, 
10 Fig. 23 is an explanation view of the fabrication 

process of semiconductor device according to the 
embodiment of the present invention. 

Fig. 24 is an explanation view of the fabrication 
process of semiconductor device according to the 
75 embodiment of the present invention. 

Fig. 25 is an explanation view of the fabrication 
process of semiconductor device according to the 
embodiment of the present invention. 

Fig. 26 is a cross-sectional view showing the 
20 fabrication process of an embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 27 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
25 dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 28 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
30 ductor device of the present invention. 

Fig. 29 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 
35 Fig. 30 is a cross-sectional view showing the 

fabrication process of the embodiment in accor- 
dance with the fabrication method of a semicon- 
ductor device of the present invention. 

Fig. 31 is a cross-sectional view showing the 
40 fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 32 is a plan view showing the fabrication 
process of the embodiment in accordance with the 
45 fabrication method of the semiconductor device of 
the present invention. 

Fig. 33 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
50 ductor device of the present invention. 

Fig. 34 is a plan view showing the fabrication 
process of the embodiment in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 
55 Fig. 35 is a cross-sectional view showing the 

fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

6 
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Fig. 36 is a plan view showing the fabrication 
process of the embodiment in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 37 is a plan view showing the fabrication 
process of the embodiment in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 38 is a cross-sectional view showing the 
fabrication process of another embodiment in ac- 
cordance with the fabrication method of the semi- 
conductor device of the present invention. 

Fig. 39 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 40 is a cross-sectionai view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 41 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 42 is a plan view showing the fabrication 
process of the embodiment in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig. 43 is a cross-sectional view showing the 
fabrication process of another embodiment In ac- 
cordance with the fabrication method of the semi- 
conductor device of the present invention. 

Fig. 44 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 45 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 46 is a cross-sectionat view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 47 is a plan-view showing the fabrication 
process of the embodiment in accordance with the 
fabrication method of the semiconductor device of 
the present invention. 

Fig, 48 Is a cross-sectional view showing the 
fabrication process of another embodiment in ac- 
cordance with the fabrication method of the semi- 
conductor device of the present invention. 

Fig. 49 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 50 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
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dance with the fabrication method of the semicon- 
ductor device of the present invention- 
Fig. 51 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
5 dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 52 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
10 ductor device of the present invention. 

Fig. 53 is a cross-sectional view showing the 
fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 
15 Fig. 54 is a cross-sectional view showing the 

fabrication process of the embodiment in accor- 
dance with the fabrication method of the semicon- 
ductor device of the present invention. 

Fig. 55 is a plan view showing an embodiment 
20 of a bipolar transistor of the present invention. 

Fig. 56 is a cross-sectional view taken along 
the line A-A in Fig. 55. 

Fig. 57 is a cross-sectional view for explaining 
the fabrication method of the bipolar transistor as 
25 shown in Figs. 55 and 56. 

Fig. 58 is a cross-sectional view for explaining 
the fabrication method of the bipolar transistor as 
shown in Figs. 55 and 56. 

Fig. 59 is a cross-sectional view for explaining 
30 the fabrication method of the bipolar transistor as 
shown in Figs. 55 and 56. 

Fig. 60 is a cross-sectional view for explaining 
the fabrication method of the bipolar transistor as 
shown in Figs. 55 and 56. 
35 Fig. 61 is a cross-sectional view for explaining 

the fabrication method of the bipolar transistor as 
shown in Figs. 55 and 56. 

Fig. 62 is a cross-sectional view for explaining 
the fabrication method of the bipolar transistor as 
40 shown in Figs. 55 and 56. 

Fig. 63 is a cross-sectional view showing an- 
other embodiment of a bipolar transistor of the 
present invention. 

Fig. 64 is a cross-sectional view showing an- 
45 Other embodiment of a bipolar transistor of the 
present invention. 

Fig. 65 is a cross-sectional view showing an- 
other embodiment of a bipolar transistor of the 
present invention. 
50 Fig. 66 is a cross-sectional view showing an- 

other embodiment of a bipolar transistor of the 
present invention. 

Fig. 67 is an explanation view of a conventional 
example. 

55 Fig. 68 is an explanation view of the conven- 

tional example. 

Figs. 69A and 69B are explanation diagrams of 
one example of a Bi-CMOS circuit. 

7 
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Fig. 70- is an explanation diagram of in- 
put/output results of the Bi-CMOS circuit. 

Fig. 71 is a cross-sectional view of a lateral 
bipolar transistor with control electrode. 

Fig. 72 is a characteristic diagram for explain- 
ing the characteristics of the lateral bipolar transis- 
tor with control electrode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described below 
in connection with a semiconductor device of the 
present invention, comprising an insulating region 
residing adjacent to a first semiconductor region, a 
control electrode residing via said insulating region, 
a second semiconductor region and a third semi- 
conductor region, which have an opposite conduc- 
tion type to that of said first semiconductor region, 
residing adjacent to and carrying therebetween 
said first semiconductor region, characterized in 
that in the state where said first, second and third 
semiconductor regions and said control electrode 
are grounded, said first semiconductor region in 
contact with said insulating layer is adjusted to be 
in weak inversion state, and the potential of said 
control electrode and that of said first semiconduc- 
tor region are electrically coupled to be operable. 

The present inventors have thought that a lat- 
eral bipolar transistor capable of turning on at low 
voltages can be provided in such a way that a 
control electrode is made via an oxide film on a 
base region of conventional SOI lateral bipolar tran- 
sistor, and the control electrode material, the thick- 
ness of oxide film, the impurity concentration of 
base region (channel region), and the oxide film are 
set so that the base region in contact with the 
oxide film may be placed in weak inversion state, 
with the control electrode, an emitter and a collec- 
tor of the same device grounded, (i.e., in a sub- 
threshold region at a gate voltage Vg = 0 volt, when 
operated as a MOS transistor with the electrodes 
being a gate electrode, a source, a channel, and a 
drain of the MOS transistor), thereby electrically 
coupling the base electrode with the control elec- 
trode to be operable. Herein, the sub-threshold 
region is defined as the region where the drain 
current changes exponentially when the gate volt- 
age is changed. 

To drive the bipolar transistor at low voltages, it 
is effective to provide a control electrode 105 to a 
lateral bipolar transistor on an SOI substrate 101 as 
shown in Fig. 1 , and to electrically connect the 
control electrode 105 with a base electrode 107 to 
effect the driving (hereinafter such device is re- 
ferred to as a "lateral bipolar with control elec- 
trode"). Such lateral bipolar transistor with control 
electrode is of the same constitution as the MOS 
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transistor in which the control electrode corre- 
sponds to gate electrode, and the emitter, base 
and collector correspond to source, channel and 
drain, respectively. The way of driving this lateral 

5 bipolar transistor with control electrode is adapted 
to the lateral bipolar transistors on bulk Si, but its 
detailed mechanism is not yet fully grasped. To be 
operable at low voltages, it is necessary to lower 
the voltage Vqn required to obtain on-state current. 

70 Accordingly, it is important to make clear the op- 
eration mechanism in the low voltage region. Note 
that Fig. 2 is a projection view of the lateral bipolar 
transistor as shown in Figs. 19A and 19B. 

The present Inventors have found, as a result 

15 of researches, that the lateral bipolar transistor with 
control electrode can be divided into three regions 
in terms of the current component. Referring to Fig. 
72 as previously used, its outline will be described. 
Fig. 72 shows the Ic-Vbe characteristic of the lateral 

20 bipolar transistor with control electrode by the solid 
line and the characteristic of conventional lateral 
bipolar transistor by the broken line. Among the 
three regions of current characteristic, the first re- 
gion Is a sub-threshold region of MOS transistor for 

25 the current component, the second region is a 
mixture of the on-state current region of MOS tran- 
sistor and that of the lateral bipolar transistor, and 
the third region is a region of conventional lateral 
bipolar transistor for the current component. 

30 In the case of conventional bipolar transistor, it 

Is necessary that a high current gain (hpE) is at- 
tained to obtain a high collector current in the low 
voltage region. For this purpose, there is a need for 
the technology capable of making a base having a 

35 thickness of several thousands angstroms. On the 
contrary, in the lateral bipolar transistor with control 
electrode, the current value in the first region Is 
determined by the position in the sub-threshold 
region when the lateral bipolar transistor with con- 

40 trol electrode is operated as the MOS transistor, 
whereby the collector current can be controlled by 
other parameter than the base width. 

Fig. 3 shows the characteristic of the lateral 
bipolar transistor with control electrode fabricated 

45 so that the threshold voltage (in the sub-threshold 
region) may be different, when operated with the 
MOS transistor, and Fig. 4 shows the characteristic 
of MOS transistor. The lateral bipolar transistor with 
control electrode according to the present invention 

50 has the characteristic as represented by the curve 
B, and the conventional lateral bipolar transistor 
with control electrode has the characteristic as re- 
presented by the curve C. These two characteris- 
tics are compared in the following. In the curve 0. 

55 the gate voltage Vg = 0 volt is not in the sub- 
threshold region, while In the curve B the gate 
voltage Vg = 0 volt is in the sub-threshold region. In 
the curve B, the collector current increases at the 
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same time when the base voltage Vbe becomes 0 
volt or greater, whereby it can be found that the 
collector current reaches the on-state current (e.g., 
1 uA) at a lower voltage than in the curve C. That 
is, the MOS transistor in the curve B is likely to 5 
turn on, but if further shifted to the on-state side to 
have the gate voltage Vg = 0 volt out of the sub- 
threshold region, the MOS transistor follows the 
curve A, whereby the collector current does not 
increase exponentially to have a device with small- lo 
er on/off ratio. 

That is, to obtain a lateral bipolar transistor with 
control electrode with high on/off ratio and low on- 
state voltage, it is important that the device is 
designed such that the gate voltage Vg = 0 volt may 15 
occur in the sub-threshold region when operated as 
the MOS transistor. Further, at which point of the 
sub-threshold region it is set should be determined 
in accordance with the specification of dark current 
to be given to the device (current value and disper- 20 
sion). 

The above design items are given by the ex- 
pression as follows, with reference to Fig. 5. Here- 
in, the sub-threshold region of MOS transistor be- 
gins upon entering the weak inversion region. That 25 
is, this occurs when the surface potential <>s and 
the Fermi potential <^f satisfy the inequality <^s ^ 
<>F. Accordingly, each parameter is required to sat- 
isfy the following numerical expression 1 . 



V2q£sNB</>F/Cox + </>F + <t>Ms + Qss/Cox ^0 (1) 

Where es is a dielectric constant of silicon, Nb is an 
impurity concentration for the base, q is a charge^ 
elementary quantity, and <^f is a Fermi potential, 35 
given by the expression 2. 4>ms is the difference in 
work function between silicon and gate electrode, 
Qss is an interface charge density, and Oox 's an 
insulating film capacity between base region and 
control electrode. The "-" symbol indicates the 40 
NPN type while the symbol " + " indicates the PNP 
type. The present invention involves controlling the 
insulating capacity Cox with the thickness of oxide 
film and the insulating material and <^>ms with the 
substrate concentration Nb and the control elec- 45 
trode material to satisfy the above condition. Also, 
when the semiconductor layer is thinner and the 
depletion layer spread at the gate voltage Vg = 0 
volt reaches the insulating layer for backing, such 
controls can be made by the thickness of semicon- 50 
ductor film. 

KT/q • In (Nb/Nj) (2) 

The semiconductor device of the present in- 55 
vention may be a bipolar transistor constituted 
such that the first semiconductor region is a base 
region and the second and third semiconductor 
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regions are the emitter and collector regions, re- 
spectively, with the distance from the emitter junc- 
tion of the base region to collector junction being 
0.3 urn or less. 

This semiconductor device can be fabricated 
by carrying out a fabrication method for the semi- 
conductor device wherein an emitter region, a base 
region and a collector region are laterally formed 
on an SOI substrate having a semiconductor region 
on the surface of an insulating layer or insulator, 
and comprising an electrode for controlling the 
potential of the base region via an insulating film, 
characterized by including the following processes 
(A) to (E) which are performed in sequence: 

(A) a process of forming a first insulating film 
region and a second insulating film region hav- 
ing a greater thickness than that of said first 
insulating film region on said semiconductor lay- 
er of the first conduction type provided on the 
surface of said insulating layer or said insulator, 

(B) a process of introducing and activating impu- 
rities of the second conduction type into said 
second semiconductor region below said first 
insulating film region with said second insulating 
film region as a mask, 

(0) a process of depositing a conduction film on 
said first and second insulating film regions and 
forming a control electrode by anisotropic etch- 
ing to leave behind at least a side wall conduc- 
tion film deposited in a stepped side wall portion 
between said first insulating film region and said 
second insulating film region to be directly 
above the base region, 

(D) a process of making said emitter region and 
said collector region by introducing and activat- 
ing impurities of the first conduction type with 
said control electrode and said second insulat- 
ing film region as a mask, and 

(E) a process of electrically connecting said 
control electrode with a lead-out electrode of 
said base region. 

A fabrication method with the distance between 
emitter junction and collector junction made 0.3 um 
or less will be described in detail. 

Fig. 6 is a cross-sectional view showing the 
constitution of a lateral bipolar transistor with con- 
trol electrode fabricated by the fabrication method 
of semiconductor device of the present invention, 
and Figs. 7 to 12A and 12B are cross-sectional 
views showing the fabrication processes of the 
lateral bipolar transistor with control electrode by 
the fabrication method of semiconductor device of 
the present invention. 

Note that an NPN-type lateral bipolar transistor 
with control electrode will be specifically described 
herein in connection with its structure and the fab- 
rication method. 
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In Fig. 6, 101 is an insulating substrate, 102 is 
an N-type semiconductor layer, 103 is a second 
insulating film region having a film thickness Tox2. 
104, 105 are first insulating film regions having a 
film thickness Tqxi (Toxi<Tox2). 106 is a P-type 
region serving as the base region, 108 is a side 
wall, 109, 110 are emitter regions, which are N- 
type high density regions serving as the collector 
lead-out electrode region. The lateral bipolar tran- 
sistor with control electrode according to the 
present invention utilizes the side wall 108 as the 
control electrode. 

Next, the fabrication method of the lateral bi- 
polar transistor with control electrode having the 
above constitution will be described below. 

First, the second insulating film region 103 
having a film thickness 

Tox2 and the first insulating 
film regions 104, 105 having a film thickness Tqxi 
are provided on the N-type semiconductor layer 
102 on the insulating substrate 101, as shown in 
Fig. 7. Then, Tqxi and Toxa satisfy the following 
relation. 

Tqxi < Tox2 

Next, Ions of P-type impurity, such as boron 
are implanted, with the second insulating film re- 
gion 103 as a mask, to form the P-type region 106, 
as shown in Fig, 8. Note that a part of the P-type 
region 106 is a base region, and this ion implanta- 
tion can determine the base concentration of the 
lateral bipolar transistor. The concentration of P- 
type region 106 is preferably 1E17 cm~^ or great- 
er. 

Thereafter, a conduction film 107 such as poly- 
crystalline silicon of high impurity concentration is 
deposited (Fig. 9) to form a side wall 108 by 
anisotropic etching (Fig. 10). In this case, the side 
wall on the side of collector electrode is removed. 
The removal can be made by etching with a resist 
provided only on the base side, for example. The 
width of the second insulating film region 103 may 
be about 1 um, and can be fully processed by 
exposure technique of micron order. 

Then, N-type high concentration regions 109, 
110 are formed by ion implantation, with the side 
wall 108 and the second insulating film region 103 
as mask member. (Fig. 11). In Fig. 11, 109 is an 
emitter region. 110 is a collector lead-out electrode 
region, and 106 is a base region. Since the base 
width can be determined by the width of side wall 
108, the base width of 0.3 um or less can be 
realized without the use of micro exposure tech- 
nique. Further, since the side wall which is a con- 
trol electrode is masked, the control electrode can 
be formed directly above the base region in self- 
aligned manner. As a result, the capacity between 
control electrode and emitter can be suppressed to 



a small value. Also, owing to the existence of the 
second insulating film region 103. the capacity with 
respect to the collector can be reduced. 

Note that in forming the emitter region 109 by 
5 ion implantation, the emitter region may be con- 
stituted of SiC having a greater forbidden band 
width by implanting C ions. In this case, the emitter 
region may be also constituted of microcrystalline 
Si or amorphous St having a great forbidden band 
10 width by implanting Si ions. 

There are several possible means for elec- 
trically coupling the control electrode with the base 
lead-out electrode, and one such means is shown 
in Figs. 12A and 12B, for example. Fig. 12A is a 
75 perspective view showing the coupled state, and 
Fig. 12B is a plan view. In the figure, 111 is a 
metallic wiring such as aluminum, 112 is a base 
lead-out electrode, and 113 is a border line for 
element separation such as an edge of selective 
20 oxide section. 114 is a region having a concentra- 
tion equal to that of the base region 106, wherein 
the base lead-out electrode 112 resides within a 
high density p-type impurity region 114. Metallic 
film is deposited on a part of the side wall 108 to 
25 take the potential of control electrode, and the 
control electrode and the base lead-out electrode 
are connected by the same metallic film. 

The present invention is to fabricate a lateral 
bipolar transistor with control electrode having the 
30 side wall portion as a control electrode, and a base 
region directly below the control electrode in self- 
aligned manner, with a base width of 0.3 um or 
less, by including at least the above processes 
according to the present invention in the device 
35 fabrication process, whereby the lateral bipolar 
transistor with control electrode which is a low 
voltage, highly driving device with a base width of 
0,3 um or less can be fabricated in the inexpensive 
process without the use of micro exposure process 
40 technique. 

Further, the present inventors have developed 
a semiconductor device comprising an insulating 
region residing adjacent to a first semiconductor 
region, a control electrode residing via said insulat- 
es ing region, a second semiconductor region and a 
third semiconductor region, which have an opposite 
conduction type to that of said first semiconductor 
region, residing adjacent to and carrying there- 
between said first semiconductor region, character- 
so ized in that in the state where said first, second 
and third semiconductor regions and said control 
electrode are grounded, said first semiconductor 
region in contact with said insulating layer is ad- 
justed to be in weak inversion state, and the poten- 
55 tial of said control electrode and that of said first 
semiconductor region are electrically coupled to be 
operable, and the base region which becomes said 
first semiconductor region is formed by diffusion of 

10 
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impurities from the substrate surface, said control 
electrode is formed via an insulating film on the 
side of said base region to constitute a bipolar 
transistor. 

By carrying out this invention, a semiconductor 
device can be fabricated wherein the Impurity con- 
centration profile in said base region is smaller 
from emitter junction to collector junction. 

Also, by carrying out this invention, two or 
more emitter regions serving as said second semi- 
conductor region can be formed. 

Further, by carrying out this invention, a semi- 
conductor device can be fabricated wherein a thin 
oxide film is provided between the emitter region 
serving as said second semiconductor region and 
the emitter electrode, and the conduction between 
said emitter region and said emitter electrode is 
made with a tunnel current. 

Also, an SOI (Silicon on Insulator) can be con- 
stituted with said semiconductor device made on 
an insulator. 

The emitter region serving as said second 
semiconductor region can be constituted from a 
semiconductor having a larger forbidden band 
width than the semiconductor constituting said 
base region. 

This semiconductor device can be obtained by 
carrying out a fabrication method of semiconductor 
device wherein an emitter region, a base region, 
and a collector region are vertically formed, and 
the conduction type of said base region is con- 
trolled via a control electrode, characterized by 
including at least the following processes (A) to (E) 
which are performed in sequence: 

(A) a process of implanting impurity tons from 
the surface and making heat treatment to make 
on a semiconductor substrate of the first con- 
duction type, a well region of the second con- 
duction type opposite to that of the semiconduc- 
tor substrate, 

(B) a process of making epitaxial growth to 
deposit a region with small impurity concentra- 
tion of the second conduction type equal to that 
of said well region on said well region (the 
region made through this process is hereinafter 
abbreviated as an epitaxial region), 

(C) a process of implanting impurity ions of the 
second conduction type into a part of said epi- 
taxial region to make said emitter region a high 
concentration impurity region, 

(D) a process of removing selectively said epi- 
taxial region, 

(E) a process of depositing an insulating region 
on said epitaxial region, 

(F) a process of depositing a low resistive region 
on said insulating region and removing it with 
only the portion serving as a control electrode 
left behind, 



(G) a process of depositing a new insulating 
region to cover said control electrode, 

(H) a process of making said base region by 
implanting impurity ions of the first conduction 

5 type into said epitaxial region, and 

(J) a process of making said emitter region by 
implanting impurity ions of the second conduc- 
tion type into said epitaxial region. 

10 Example 1 

A semiconductor device of example 1 is shown 
in Figs. 13 and 14. This semiconductor device was 
fabricated in the following steps (1) to (8). 
75 (1) An SIMOX substrate was used in which the 

thickness of an oxide film 502 for backing was 
400 nm, and the thickness of a semiconductor 
film 503 was 500 nm. 

(2) By field oxidation, an active region 500 was 
20 left behind, and the remaining semiconductor 

region was oxidized. 

(3) Boron ions were implanted into an entire 
surface of the active region 500, which was then 
subjected to heat treatment at 1100'C for three 

25 hours. By this process, the base density was 
2x10^^ cm~3. 

(4) A silicon oxide film 504 having a thickness of 
30 nm was formed by thermal oxidation as an 
insulating film between base region 507 and 

30 control region 505, 

(5) An N-type polycrystalline silicon of high den- 
sity was made by ion implantation after deposit- 
ing polycrystalline silicon to form a control elec- 
trode 505. 

35 (6) An emitter region 506 and a collector region 
508 were formed in self-aligned manner with the 
control electrode 505 as a mask. In this case, 
the dose quantity was 2x10''^ cm~^ of arsenic, 
and consequently, an emitter-collector region of 

40 2x10^^ cm'^was formed. Also, to lead out the 
base electrode, boron ions were implanted into 
the lead-out portion with the same dose quan- 
tity. 

(7) An interlayer insulating film was formed by 
45 depositing PSG 600 nm thick by CVD. 

(8) Wiring was made to each electrode by sput- 
tering Al-Si after opening a contact hole. In 
particular, a contact 509 belongs to base elec- 
trode and Is connected by Al-Si with a contact 

50 of the control electrode nearby. 

Fig. 15A shows the characteristic of the lateral 
bipolar transistor with control electrode in the ex- 
ample 1 which is fabricated in the above manner 
and operated as the MOS transistor. This MOS 

55 transistor was assessed which was wired such that 
the base electrode and the gate electrode could be 
controlled independently without short-circuiting 
(four terminal device). 
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In the characteristic of MOS transistor, it will be 
seen that the gate voltage Vq = 0 volt is in the sub- 
threshold region. Since the substrate density of the 
base region corresponding to the channel region of 
MOS transistor is 2x10^^ cm"^, 4>p is equal to 
0.386. Accordingly, the left side of the numerical 
expression 1 is -0.187 by calculation, which can 
satisfy the nunnerical expression 1 as previously 
given. 

The characteristic of the lateral bipolar transis- 
tor with control electrode in the example 1 is shown 
In Fig. 15B. Supposing that the on-state current is 
1 uA, the on-state current of the lateral bipolar 
transistor of this example is 0.4 volt, whereas that 
of conventional bipolar transistor is 0.7 volt. 

Thus, the bipolar transistor having the on-state 
current increasing exponentially from Vg = 0 volt 
with a high on/off ratio and operable at low voltages 
could be obtained. 

Example 2 

A semiconductor device of example 2 was fab- 
ricated through the same process as in example 1 , 
except that polycrystalline silicon was deposited on 
a quartz substrate, and an SOI substrate mon- 
ocrystallized by laser recrystallization. 

Bipolar transistor with control electrode fab- 
ricated in example 2 is a bipolar transistor which 
has the on-state current exponentially increasing 
from Vg = 0 volt, as shown in Fig. 158, with a high 
on/off ratio, and is operable at low voltages. 

Example 3 

A semiconductor device of example 10 as 
shown in Figs. 16 to 18 was fabricated through the 
following steps of (1 ) to (8). 

(1) An SIMOX substrate was used in which the 
thickness of oxide film 702 for backing was 500 
nm, and the thickness of semiconductor film 703 
was 100 nm. 

(2) By field oxidation, an active region 700 was 
left bebind, and the remaining semiconductor 
region was oxidized. 

(3) Boron ions were implanted into an entire 
surface of the active region 700. and heat treat- 
ment was conducted at 1100*0 for three hours. 
By this process, the base density was 1x10^^ 
cm~3. 

(4) A silicon oxide film 704 having a thickness of 
16 nm was formed by thermal oxidation method 
as an insulating film to be provided between 
base region 707 and control region 705. 

(5) A mask 710 having a width of 0.2 um was 
formed by EB exposure and with a multi-layer 
resist. 
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(6) An emitter region 706 and a collector region 
708 were formed using a mask 710 having a 
width of 0.2 um and by ion implantation. In this 
case, the dose quantity was 2x10^^ cm"^ of 

5 arsenic, and consequently, an emitter-collector 

region of 2x10^^ cm"^ was formed. Also, a base 
lead-out portion was subjected to implantation of 
boron ions with the same dose quantity. 

(7) A contact hole was directly formed without 
10 providing an interlayer insulating film. 

(8) Yttrium Y was deposited by EB vapor depo- 
sition and patterning was made for wiring to 
provide a control electrode 705. 

Herein, the work function of yttrium is 3.15 eV, 

75 and the difference in work function between it and 
p-type silicon having a concentration of 1x10^^ 
cm~^ is 1.9 eV. 

To realize a bipolar transistor having a high 
cut-off frequency, it is necessary to form the tran- 

20 sistor having a small base width. In recent years, 
the improved exposure technology permits the pro- 
cessing of as small as 0.2 am. as in this example. 
If the base width is reduced, the concentration 
must be increased to about 10^^ cm"^ to suppress 

25 the punch-through from emitter to collector. As a 
result, in the lateral bipolar transistor with control 
electrode, the threshold voltage of MOS transistor 
having the base region as the channel rises, and it 
Is quite difficult to have Vg = 0 within the sub- 

30 threshold region in the N-type polycrystalline sili- 
con having conventional gate electrode material. 
The threshold voltage can be lowered by reducing 
the thickness of oxide film, in which case the oxide 
film thickness is required to be reduced to about 8 

35 nm, giving rise to a problem in the reliability of the 
oxide film. 

Also, when the base concentration is high, the 
oxide film thickness can be increased to 16 nm by 
using a material having a small work function such 
40 as yttrium, whereby a high speed bipolar transistor 
can be provided with the reliability of the oxide film 
maintained. In this example, yttrium was used, but 
besides, strontium, lanthanum, and cesium can be 
employed. 

45 

Example 4 

A lateral bipolar transistor with control elec- 
trode, i.e., a semiconductor device of example 4, 

50 was fabricated through exactly the same process 
as in example 1 except that SIMOX substrate used 
comprised the oxide film for backing having a 
thickness of 500 nm and the semiconductor film 
having a thickness of 50 nm, and the base con- 

55 centration was set at 2x1 0^^ cm~^ in the above 
process (3). 

In this example, the maximum width of deple- 
tion layer in base region formed by the MOS 

12 
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structure having a control electrode 505, an insulat- 
ing film 504 and a base region 507 is 75 nm. And 
the depletion layer width when the sub-threshold 
region begins is 53 nm. In this case, the MOS 
transistor is operable with the semiconductor film in 
a totally depleted state. The threshold voltage of 
MOS transistor in such totally depleted state is 
lower than that of MOS transistor formed at the 
same channel density on the bulk silicon. This 
behavior is shown in Figs. 19A and 19B. Curve A 
of Fig. 19A shows the characteristic when the lat- 
eral bipolar transistor with control electrode of ex- 
ample 4 is operated as the MOS transistor, and 
curve B shows the characteristic for the MOS tran- 
sistor on the bulk silicon having the same channel 
density. 

Fig. 198 shows the characteristic when these 
two devices are operated as the lateral bipolar 
transistor with control electrode. Herein, curve A 
and curve 8 show the characteristic of device on 
the bulk silicon for the example 4 and the compari- 
son, respectively. Device in example 4 has the 
current value exponentially increasing simulta- 
neously when the voltage is input, while device on 
the bulk silicon can not obtain the same collector 
current unless about 0.2 volt is applied in excess. 

This device is one in which Vg = 0 is not within 
the sub-threshold region by controlling the position 
of the sub-threshold region only with the oxide film 
thickness and the base density as was convention- 
ally performed, but this example is designed such 
that by reducing the semiconductor film thickness 
of SOI below the maximum depletion layer width to 
lower the threshold voltage, Vg = 0 volt is within the 
sub-threshold region. As a result, the lateral bipolar 
transistor with control electrode can be provided in 
the high density base only by the material used in 
the conventional silicon process. 

Example 5 

An example 5 will be described using Figs. 20 
to 25. This example was fabricated through the 
following steps of (1) to (14). 

(1) A silicon wafer 901 made of bulk silicon was 
used. 

(2) Field oxidation was conducted to have D in 
Fig. 20 equal to 600 nm to form a field oxide 
film 900. 

(3) Boron ions were implanted into an entire 
surface and heat treatment was conducted at 
1100'C for three hours. By this process, the 
base density was 1x10^^ cm~^. 

(4) A silicon oxide film 904 having a thickness of 
30 nm was formed by thermal oxidation method 
as an insulating film to be provided between 
base region 907 and control region 905. 



(5) After depositing polycrystalline silicon, high 
density N-type polycrystalline silicon was made 
by ion implantation to form a control electrode 
905. 

5 (6) An emitter region 906 and a collector region 

908 were formed in self-aligned manner with the 
control electrode 905 masked and by ion im- 
plantation. In this case, the dose quantity was 
2x10^^ cm~3 of arsenic, and consequently, an 

10 emitter-collector region of 2x10^^ cm"^ was 
formed. Finally, the depth of junction was 600 
nm. 

(7) PSG was deposited 600 nm thick by CVD to 
form an interlayer insulating film 909. 
75 (8) A silicon wafer was adhered to a support 
substrate 910 by using a polyimide adhesive 
902 as shown in Fig. 21 . 

(9) Bulk silicon was selectively etched, using an 
amine type etching solution and the field oxide 

20 film 900 as the stopper. 

(10) A silicon oxide film 911 was deposited at 
low temperature by photo assisted CVD. 

(11) Base portion was only opened by mask 
alignment method, p-type polycrystalline silicon 

25 912 was deposited in an amount of 2x10^^ 
cm~2, and was subjected to heat treatment for 
the recrystallization with monocrystalline silicon 
of the base region 907 as the seed. Herein, the 
mask alignment method is to provide a mask in 

30 accordance with an alignment mark, while view- 
ing the alignment mark provided on the side of 
the control electrode 905 through the silicon film 
thickness of about 500 to 600 nm. By recrystal- 
lizing the p-type polycrystalline silicon of 2x10^^ 

35 cm~3. the short-circuit between emitter/collector 
and base was suppressed to eliminate the area 
of life time killer such as polycrystalline silicon 
from the side of base region. As a result of the 
structure as presented in Fig. 23, the lateral 

40 bipolar transistor without external base was pro- 
duced. 

(12) A through hole 913 was provided to take 
out the potential of control electrode 905. 

(13) A contact 914 was provided to take out the 
45 emitter-collector potential for the interlayer in- 
sulating film. 

(14) The control electrode 905 and the base 
electrode 912 were connected by Al-Si and oth- 
er wirings for emitter-collector were made. 

50 In the above way, a device equivalent to that 

as shown in Fig. 1 was fabricated. Also, as a result 
of the structure of example 5, the base resistance 
could be decreased, and the high collector current 
could be obtained even in the high current area. 

55 
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Example 6 

The same process as example 1 was per- 
formed using an N-type SIMOX substrate of 10 to 
200. However, a PNP-type bipolar transistor with 
control electrode was also fabricated in example 6. 
That is, in the PNP-type bipolar transistor with 
control electrode, an emitter/collector region was 
made at the time of ion implantation of boron for 
leading out the base, and an region for leading 
out the base was made at the time of ion implanta- 
tion of arsenic for the formation of the NPN-type 
emitter/collector. 

Further, a Bi-CMOS transistor with a circuit as 
shown in Fig. 57 was fabricated by using a device 
formed on the substrate of example 1 . having the 
base electrode as a substrate contact for the MOS 
transistor without short-circuiting the base electrode 
and the control electrode, and the control electrode 
as the gate electrode for the MOS transistor. Of 
course, the transistor as shown in the circuit dia- 
gram is a lateral bipolar transistor with control 
electrode. 

Fig. 58 shows an output diagram of the Bi- 
CMOS inverter. The output voltage at high level is 
lower by 0.45 volt than the voltage value of the 
power supply, and that at low level is higher by 
0.45 volt than the ground voltage. For the compari- 
son, the evaluation with the conventional bipolar 
transistor indicated that this value was 0.65 volt but 
not 0.45 volt. 

And the minimum drive voltage of Bi-CMOS 
using the conventional bipolar transistor was 1 .5 
volt, whereas that of the lateral bipolar transistor 
with control electrode of the present invention was 
1.1 volt. Hence, with the example 6, Bi-CMOS 
circuit could be fabricated, with which a device fully 
drivable by a single ceil can fabricated through a 
simple process of the conventional CMOS process. 

Example 7 

This example will be described below using 
Figs. 26 to 37. 

First, complete dielectric separation between 
elements was performed by a separation method of 
selective oxidation for an SIMOX substrate in which 
the film thickness of silicon oxide film for backing 
201 on a silicon substrate 200 was 400 nm and the 
film thickness of a silicon layer 202 was 200 nm. 
with the substrate density of 2E15 cm"^. Then, a 
thermal oxide film 204 having a film thickness of 10 
nm was formed on this substrate (Fig. 26), and 
then an NSG film 203 was deposited 500 nm thick, 
and removed partially (Fig. 27). R1 in Fig. 27 
indicates a resist film. In the figure, the width of 
second Insulating film region 203 was about 1 um. 
After the resist film R1 was removed, thermal oxl- 
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datlon was performed again to form a 10 nm-thick 
silicon oxide film (Fig, 28). In Fig. 28, 205 is a first 
Insulating film region (with a thickness of Tqxi) and 
the NSG film 203 plus thermal oxide film 204 is a 

5 second Insulating film region (with a thickness of 
Tox2)- In this case, Tqxi is equal to 10 nm and Tox2 
is equal to 510 nm, where Tqxi < Tox2- 

As shown in Fig. 29, ion implantation of boron 
was performed with the second insulating film re- 

10 gion (203 + 204) masked to form a P-type impurity 
region 206 corresponding to the base density. The 
conditions of ion implantation were such that the 
ion species was B^ the implantation energy was 
70 KeV and the dose quantity was 5E12 cm"^. As 

15 a result, the impurity density of the P-type region 
206 was equal to 4E17 cm~^. 

Then, a 400 nm-thick polycrystalline silicon film 
was deposited as shown in Fig. 30, and ion im- 
plantation of phosphorus was performed with a 

20 dose quantity of 8E15 crr\~^ and an implantation 
energy of 70 KeV to form a polycrystalline silicon 
conductive film 207. Side walls 208, 208' were then 
formed by anisotropic etching, with only the poly- 
crystalline silicon on the side wall portion left be- 

25 hind (Fig. 31). Thereafter, a side wall 208 on the 
base portion was covered with a resist R2, as 
shown in Fig. 32, and a side wall 208' on the side 
of collector electrode was removed to form a struc- 
ture as shown in Fig. 33. In Fig, 32, 213 is a 

30 selective oxide portion edge. In this case, the thick- 
ness of side wall was found to be about 260 nm 
from the SEM observation. 

Then, an element portion was opened with a 
resist R3, as shown In Fig. 34, and ion implantation 

35 was conducted into the emitter/collector electrode 
with the side wall 208 and the second Insulating 
film region 203 masked. The conditions of ion 
implantation were such that the ion species was 
As, the implantation energy was 150 KeV and the 

40 dose quantity was 5E15 cm"^. Also, to form a base 
electrode, a resist R4 was applied, except for a 
part of the base region to be opened, as shown in 
Fig. 36, and ion Implantation was conducted under 
the conditions with the implantation energy of 20 

45 KeV and the dose quantity of 1E15 cm"^. After ion 
implantation, heat treatment was conducted in ni- 
trogen atmosphere at 1000*C for ten minutes to 
activate impurities. Consequently, a structure as 
shown in Fig. 35 was formed. In the figure, P-type 

50 impurity region 206 was a base region, high den- 
sity N-type impurity region 209 was an emitter 
region, and high density N-type impurity region 
210 was a collector lead-out electrode region. The 
base width is determined by the thickness of side 

55 wall, and was about 260 nm in this example. 

Then, to couple electrically the control elec- 
trode and the base lead-out electrode, a contact 
212 for the base lead-out electrode was opened. 

14 
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After Al was deposited by sputtering, an Al wiring 
21 1 was formed to cover the base lead-out elec- 
trode 212 and the side wall 208, as shown in Fig. 
36. After PSG was deposited 500 nm thick as an 
interlayer insulating film, a contact hole was 
opened to lead out each of emitter, base and 
collector electrodes, Al was deposited 800 nm thick 
as the second layer by sputtering, and the pattern- 
ing was made to form electrodes and the wiring. 
Fig. 37 is a plan view. In the figure, 215, 216 and 
217 are contact holes for emitter, base and collec- 
tor electrodes, respectively, and 218, 219 and 220 
are Al wirings on the second layer for emitter, base 
and collector electrodes. 

Example 8 

This example will be described below using 
Figs. 38 to 42. 

First, complete dielectric separation between 
elements was performed by a separation method of 
selective oxidation for an SIMOX substrate in which 
the film thickness of a silicon oxide film for backing 
301 on a silicon substrate 300 was 400 nm and the 
film thickness of a silicon layer 302 was 200 nm, 
with the substrate density of 2E15 cm"^. Then, a 
thermal oxide film 305 having a film thickness of 10 
nm was formed on this substrate, a silicon nitride 
film 304 was deposited 10 nm thick thereon, and 
further an NSG film 303 was deposited 500 nm 
thick thereon (Fig. 38). The NSG film 303 was 
removed partially to provide a second insulating 
film region 303 (Fig. 39). In the same figure, R1 
indicates a resist film, and the width of second 
insulating film region 303 was about 1 nm. After 
the resist film R1 was removed, ion implantation of 
boron was conducted with the second insulating 
film region 303 as a mask to form a P-type impu- 
rity region 306 corresponding to the base density. 

A structure with the cross section and plan as 
shown in Figs. 41 and 42 was formed through the 
same process as example 7. 

In the figure, 309, 306 and 310 are emitter, 
base and collector regions, respectively, and a 
control electrode 308 directly above a base region 
306 is composed of polycrystalline silicon on the 
side wall, with a width of about 260 nm. Accord- 
ingly, the base width in this example was about 
260 nm. 313 is a selective oxide portion edge and 
321 is an NSG interlayer insulating film. 

311 is an Al wiring at the first layer which 
connects the control electrode to base lead-out 
electrode. 315, 316 and 317 are contact holes for 
leading out electrodes of emitter, base and collec- 
tor, respectively. 318, 319 and 320 are Ai wirings 
on the second layer. 

In the example 7, an oxide film near the control 
electrode located on the boundary section between 



the first insulating film region and the second in- 
sulating film region is an intermittent film, produc- 
ing many defects, which may cause a slight prob- 
lem concerning the leak current or withstand volt- 

5 age in the insulating film. However, the insulating 
film interface near the control electrode is a con- 
tinuous film composed of excellent thermal oxide 
film by virtue of the film structure as shown in Figs. 
38 and 39, whereby the leak current or withstand 

10 voltage of insulating film could be improved. 

Example 9 

This example will be described below using 

75 Figs. 43 to 47. 

Complete dielectric separation between ele- 
ments was performed by a separation method of 
selective oxidation for an SIMOX substrate in which 
the film thickness of a silicon oxide film for backing 

20 401 was 400 nm and the film thickness of a silicon 
layer 402 was 200 nm, with the substrate density of 
2E15 cm~3. Then, a thermal oxide film 404 having 
a film thickness of 10 nm was formed on this 
substrate, and a silicon nitride film 403 was depos- 
es ited 600 nm thick thereon and partially removed to 
form a structure as shown in Fig. 43. Like the 
seventh and eighth examples, a P-type region 406 
corresponding to the base impurity density was 
formed by ion implantation of boron. 

30 Then, polycrystalline silicon was deposited by 

GVD, but polycrystalline silicon was deposited 
more likely on the silicon nitride film 403 than on 
the silicon oxide film 404 by adjusting the partial 
pressure of etching gas or HOI. Consequently, 

35 polycrystalline silicon on the silicon nitride film was 
thicker than on the silicon oxide film, as shown in 
Fig. 44. A side wall was formed by anisotropic 
etching, and the side wall on the side of collector 
lead-out electrode region was removed in a similar 

40 way to that of the first and second examples. As a 
result, a structure as shown in Fig. 45 was formed. 
Because polycrystalline silicon on the silicon nitride 
film is thicker than that on the silicon oxide film, 
poiycrystalline silicon is left behind on the silicon 

45 nitride film. 

A structure with the cross section and plan as 
shown in Figs. 46 and 47 was formed through the 
same process as the seventh and eighth examples. 
In the figure, 409, 406 and 410 are emitter, 

50 base and collector regions, respectively, and a 
control electrode 408 directly above a base region 
406 is composed of polycrystalline silicon on the 
side wall, with its width of about 260 nm. Accord- 
ingly, the base width in this example was about 

55 260 nm. 413 is a selective oxide portion edge and 
421 is an NSG inter-layer insulating film. 

411 is an Al wiring on the first layer which 
connects the control electrode to the base lead-out 

15 
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electrode. 415, 416 and 417 are contact holes for 
leading out electrodes of emitter, base and collec- 
tor, respectively. 418, 419 and 420 are Al wirings 
on the second layer. 

In the seventh and eighth examples, the control 
electrode is highly resistive, but in this example, 
the silicon nitride film is used for the second in- 
sulating film region 403, and further the deposition 
conditions of polycrystalline silicon for conductive 
film are optimized to also leave conductive film on 
the silicon nitride film 403, Consequently, its resis- 
tance could be made smaller than that of the 
control electrode. 

Example 10 

In this example, tungsten silicide was used for 
the control electrode to make the resistance lower 
than in the ninth example. This example will be 
described below. 

A structure of Fig. 45 was formed through the 
same process as the ninth example. Thereafter, 
tungsten was deposited, and heat treatment was 
conducted in He gas atmosphere at 1000'C for 
twenty minutes. As a result, a side wall 408 of Fig. 
45 became WSi2. The same process as the ninth 
example was employed, except for the annealing 
conditions for the activation of impurities of emit- 
ter/collector. The heat treatment for the activation 
of Impurities of emitter/collector was conducted un- 
der the conditions of 900'C/30 minutes in He gas 
atmosphere. 

With this example, the control electrode having 
a resistance smaller roughly by one figure than the 
ninth example could be formed, and the AC char- 
acteristic improved. 

Example 11 

This example is one in which an NPN-type 
bipolar transistor with control electrode and a 
CMOS circuit were fabricated simultaneously. This 
example will be described below, using Figs. 48 to 
54. 

Complete dielectric separation between ele- 
ments was performed by a separation method of 
selective oxidation for an SIMOX substrate in which 
the film thickness of a silicon oxide film for backing 
501 was 400 nm and the film thickness of a silicon 
layer 502 was 200 nm, with the substrate density of 
2E15 cm~3. Then, using a resist mask having 
opened only the region for N-type MOS transistor 
of CMOS circuit to be made after forming the mask 
having a thickness of 10 nm by oxidation, ion 
implantation of boron was conducted with a dose 
quantity of 8E1 1 cm"^, and an implantation energy 
of 20 KeV to form a P-type region having a sub- 
strate density of 3E16 cm~^. Similarly, using a 
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resist mask having opened only the region for P- 
type MOS transistor of CMOS circuit to be made, 
ion implantation of phosphorus was conducted with 
a dose quantity of 4E11 cm~^ and an Implantation 
5 energy of 60 KeV to form an N-type region of 1E16 
cm~3. 

Then, a thermal oxide film 504 having a film 
thickness of 10 nm was formed on this substrate. 
Fig. 48 shows a cross-sectional structure after the 

10 formation of thermal oxide film. This figure shows, 
on the left hand, a lateral bipolar transistor with 
control electrode, and on the right hand, a CMOS 
portion (a typical view useful for both the N-type 
MOS transistor and the P-type MOS transistor). 

15 And a silicon nitride film 503 was deposited 600 
nm thick thereon, and the silicon nitride film 503 in 
the lateral bipolar transistor region with control 
electrode was partially removed to form a structure 
as shown in Fig. 49. Like the seventh and eighth 

20 examples, a P-type region 506 corresponding to 
the base Impurity density was formed by ion im- 
plantation of boron. Implantation of boron ions was 
not performed into the CMOS region which was 
masked with the silicon nitride film 503. 

25 The silicon nitride film 503 in the CMOS region 

was removed with only the bipolar transistor region 
with control electrode masked with a resist mask, 
and polycrystalline silicon was deposited by CVD, 
as in the ninth example. That is, polycrystalline 

30 silicon was deposited more likely on the silicon 
nitride film 503 than on the silicon oxide film 504 
by adjusting the partial pressure of etching gas or 
HCl. Consequently, polycrystalline silicon on the 
silicon nitride film was thicker than on the silicon 

35 oxide film, as shown in Fig. 50. 

Ion implantation of phosphorus was performed 
to this polycrystalline silicon, as In the seventh, 
eighth and ninth embodiments, to enhance the 
conductivity of polycrystalline silicon. 

40 Then, a side wall was formed by anisotropic 

etching in the lateral bipolar transistor region with 
control electrode, with the CMOS region covered 
by a resist mask. Polycrystalline silicon in the 
CMOS region which was covered by the resist 

45 mask was left intact (Fig. 51). Then, the side wall 
on the collector side of the lateral bipolar transistor 
with control electrode was removed with resist R1 
as a mask, as shown in Fig. 52, and a gate elec- 
trode 508' of CMOS was formed. Then, using a 

50 resist mask having opened the emitter/collector 
portion in the lateral bipolar transistor region with 
control electrode, the source/drain portion of N- 
type MOS transistor in the CMOS region, and the 
channel electrode portion of P-type MOS transistor, 

55 ion implantation of N-type impurities was conduct- 
ed. The ion implantation conditions were such that 
the ion species was As, the implantation energy 
was 150 KeV, and the dose quantity was 5E15 
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cm~2. As a result, an emitter region 509, a collector 
lead-out electrode region 510, a source region 509' 
of the N-type MOS transistor, a drain region 519*. 
and a channel electrode of the P-type MOS transis- 
tor were formed. A resist film was newly formed 
having opened a base electrode portion of the 
lateral bipolar transistor with control electrode, a 
channel electrode portion of N-type MOS transistor 
in the CMOS region, and a source/drain portion of 
P-type MOS transistor after peeling off the resist, 
and ion implantation of boron was conducted with 
an implantation energy of 20 KeV and a dose 
quantity of 1E15 cm"^. Consequently, a high den- 
sity impurity region for each electrode was formed. 
After peeling off the resist, heat treatment was 
conducted in nitrogen atmosphere at 1000'C for 
ten minutes to activate impurities. As a result, a 
structure as shown in Fig. 53 was formed. 

As shown in Fig. 54, the control electrode and 
the base electrode were electrically coupled as in 
the ninth example. PSG film was deposited 500 nm 
thick as an interlayer insulating film 521. Then, 
contact holes were formed to lead out the emitter 
509 and the base/collector electrode 510 for the 
lateral bipolar transistor with control electrode, and 
the source 509', drain 510' and channel electrode 
for the N-type MOS transistor and P-type MOS 
transistor. Al was deposited as the second layer, 
each electrode (518, 520, 518', 520', 519') was 
taken out and the wiring applied. PSG film was 
deposited 500 nm thick as a passivation film 522 
and a contact hole for the pad was opened. 

Example 12 

Fig. 55 is a plan view showing a twelfth exam- 
ple of bipolar transistor according to the present 
invention. And Fig. 56 is a cross-sectional view 
taken along the line AA of Fig. 55. In both figures, 
1 is a P-type substrate, 2 is an N-type buried 
region for the reduction of collector resistance, and 
3 is an N-type region formed for the lead-out of 
collector electrode. 4 is an N~ region acting as the 
collector, 5 is a P-type base region, and 6 is an N- 
type emitter region. 7 and 8 are oxide films, and 9 
is a control electrode for controlling the state of the 
side face of base region 5 in contact with the oxide 
film 8. 10 is an N-type polycrystalline silicon elec- 
trode for the lead-out of emitter electrode, 11 is an 
AL electrode, and 12 is an interlayer insulating film 
such as PSG. Note that the AL electrode 1 1 and 
the interlayer insulating film 12 are not shown for 
simplification in Fig. 55. 13 is a contact hole of 
collector region, 14 is a contact hole of base re- 
gion, 15 is a contact hole of control electrode, and 
16 is a contact hole of emitter region. 

As shown in Fig. 56, the bipolar transistor of 
this example is a vertical bipolar transistor com- 



prised of an N~ region 4 (collector region), a P- 
type region 5 (base region), and an N-type region 6 
(emitter region), the control electrode 9 being 
formed via the oxide film on the side of base 
5 region 5. The base region 5 is formed by introduc- 
ing impurities from the substrate surface, whereby 
the base width (tea) can be smaller than the base 
width (tBi) in the conventional constitution as shown 
in Fig. 71. 

70 A fabricating method of this example will be 

now described using Figs. 57 to 62. First, N-type 
impurities were introduced by ion implantation to a 
desired site of P-type substrate 1, and heat treat- 
ment was conducted to form an N-type buried 

75 region 2, as shown in Fig. 57. Subsequently, an N~ 
region 4 was formed by epitaxial growth. 

After a thermal oxide film 18 having a thickness 
of 200 A was formed on the surface of N~ region 
4, N-type impurities were introduced by ion im- 

20 plantation and heat treatment was conducted to 
form the N"^ region 3. 

Subsequently, a 1500 A-thick SisN^ film 19 
and a 2000 A-thick Si02 film 20 were deposited 
respectively. 

25 Anisotropic etching was conducted for other 

than a portion where the base, emitter, collector 
and collector lead-out electrodes were formed, so 
that a part of N~ region was left behind. 

Then, thermal oxidation was conducted for the 

30 substrate surface to form a thermal oxide film 21, 
as shown in Fig. 4, and subsequently, SisN^ was 
deposited over an entire surface. Thereafter, an- 
isotropic etching was conducted to leave St3N4 film 
22 only on the side of silicon convex portion. 

35 Also, thermal oxidation was conducted to form 

a thick oxide film 7, as shown in Fig. 59. The 
region 3 was spread over the entire convex portion 
due to heat treatment. 

After SiaN^ film 22 and an oxide film 21 on the 

40 side of substrate convex portion were removed by 
wet etching, oxidation was conducted again to form 
an oxide film 8 having a thickness of about 50 to 
100 A. 

Then, polycrystalline silicon 9 was deposited 
45 over the entire surface, as shown in Fig. 60, and 
subsequently. N-type impurities such as As"^, P^ 
were implanted and heat treatment was conducted. 
After a photo-resist 18 was applied flat, the photo- 
resist was removed until polysilicon of convex por- 
50 tion appeared by oxygen plasma etching. 

Then, a desired portion of polycrystalline sili- 
con was removed by dry etching using a mixture 
gas of CF4 and H2, as shown in Fig. 61. Subse- 
quently, SisN* film 19 was removed. Polycrystalline 
55 silicon was oxidized by thermal oxidation to obtain 
a structure as shown in Fig, 61. 

Then, P-type impurities such as B"^ were intro- 
duced by ion implantation and heat treatment was 
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conducted to form a base region 5, as shown in 
Fig. 62. 

Then, a contact hole for leading out the emitter 
electrode was formed at a desired site on the oxide 
film and subsequently, polycrystalline silicon was 
deposited. Then, N-type impurities such as As"^, P"^ 
were introduced by ion implantation and heat treat- 
ment was conducted. Thereafter, unnecessary por- 
tion was removed by etching to form an emitter 
region 6 and an emitter lead-out electrode 10. 

After an Interlayer insulating film 12 such as 
PSG or BPSG was deposited by CVD, the inter- 
layer was etched in a desired portion to form a 
contact hole. 

Subsequently, a metal such as AL was depos- 
ited by sputtering, and thereafter etched to form an 
electrode 11, whereby a vertical bipolar transistor 
with control electrode was fabricated as shown in 
Figs. 55 and 56. 

The vertical bipolar transistor with control elec- 
trode fabricated in the above process had an on- 
state current of 0-4V and a base width of 0.2 um, 
resulting in the excellent characteristics with high 
speed. 

Example 13 

Fig. 63 is a cross-sectional view showing a 
thirteenth example of bipolar transistor according to 
the present invention. In this example, the present 
invention is applied to SOI substrate. 

In Fig. 63, 101 is an oxide film, 102 is an N- 
type buried region, and 103 is an N-type region 
formed for the lead-out of collector electrode. 104 
is an N~ region acting as the collector. 105 is a P- 
type base region, and 106 is an N-type emitter 
region. 107 and 108 are oxide films, and 109 is a 
control electrode for controlling the state of the 
side face of base region 105 in contact with the 
oxide film 108. 

110 is an N-type polycrystalline silicon elec- 
trode for the lead-out of emitter electrode, 111 is 
an AL electrode, and 112 is an interlayer insulating 
film such as PSG. 

The structure of this example can be fabricated 
by a fabrication method as shown in example 12. 

First, the N-type buried region 102 was formed 
at a desired site on the SOI substrate, and epitaxial 
growth was conducted. In the same way as the 
example 1 hereinafter, after forming a convex por- 
tion of silicon region, an oxide film 107 for element 
separation was formed by oxidation until all the 
silicon layer of the SOI substrate became an oxide 
film on field oxidation. After that, the bipolar transis- 
tor was fabricated in the same way as shown in the 
example 12. 

In this way. the present invention can be also 
applied to the SOI substrate, whereby a Bi-CMOS 



circuit with low consumption power and high speed 
can be formed in combination with a MOS transis- 
tor having a small parasitic capacity formed on SOI 
with high speed. 

5 

Example 14 

Fig. 64 is a cross-sectional view showing a 
fourteenth example of bipolar transistor according 

10 to the present invention. 

This example shows a case where the present 
invention is applied to the bipolar transistor of 
multi-emitter. In Fig. 64, three emitters are shown. 
With the conventional lateral bipolar transistor 

75 with control electrode, a multi-emitter structure is 
difficult to fabricate, but with the vertical bipolar 
transistor with control electrode, the bipolar transis- 
tor of multi-emitter is easily fabricated, and can 
have the large current to flow. 

20 In Fig. 64, 201 is a P-type substrate, 202 is an 

N-type buried region for the reduction of collector 
resistance, and 203 is an N-type region formed for 
the lead-out of collector electrode. 204 is an N~ 
region acting as the collector, 205 is a P-type base 

25 region, and 206 is an N-type emitter region. 207 
and 208 are oxide films, and 209 is a control 
electrode for controlling the state of the side face 
of base region 205 in contact with the oxide film 
208. 210 is an N-type polycrystalline silicon elec- 

30 trode for the lead-out of emitter electrode, 211 is 
an AL electrode, and 212 is an interlayer insulating 
film such as PSG. 

Example 15 

35 

Fig. 65 is a cross-sectional view showing a 
fifteenth example of bipolar transistor according to 
the present invention. This example shows a case 
where the present invention is applied to a device 

40 with a thin interfacial oxide film capable of readily 
flowing tunnel current which is formed between 
emitter region and emitter electrode. 

In Fig. 65, 313 is an interfacial oxide film hav- 
ing a thickness of about 10 A capable of flowing 

45 tunnel current. Other portion is of the same con- 
stitution as the example 12. 

The interfacial oxide film 313 suppresses the 
inflow of minority carriers (base current: Ib) flowing 
from the base region into the emitter region, while 

50 maintaining the flow of majority carriers (emitter 
current: Ie) from the emitter electrode to the emitter 
region. Therefore, a bipolar transistor having a 
large current amplification factor (Ie/Ib-1) can be 
obtained. 

55 Hence, in this example, the bipolar transistor 

which is capable of being driven at low voltages 
and has high speed and high current amplification 
factor could be obtained. 
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Example 16 

Fig. 66 is a cross-sectional view showing a 
sixteentii example of bipolar transistor according to 
the present invention. This example shows a case 
where the present invention is applied to HBT 
(hetero bipolar transistor) in which the band gap of 
emitter region is wider than the band gap of base 
region. 

In Fig. 66, the emitter region 406 is composed 
of a material having a wider band gap than the 
base region, such as microcrystalline or amorphous 
semiconductor This can be accomplished by ion 
implantation of Si into the emitter region. Other 
portion has the same constitution as the example 
12. 

Also, SiC can be used for the material with 
large band gap. When Sii-xCx is used for the 
emitter region, C in Sii-xCx is formed by ion 
implantation of carbon ions C"^ into crystalline sili- 
con. The upper limit of carbon C is 0.5, but it is 
desirable to satisfy the inequality X ^ about 0.075 
to reduce the stress of Sii-x^x- The lower limit of 
carbon C is determined by the stopping ability of 
holes, wherein carbon C is necessary in an amount 
of 10^^ cm~3 or greater. In this way, forming 
Sii-xCx by ion implantation, the quantity of C is 
reduced near the base interface, but crystal defects 
are conversely decreased, whereby there is no 
problem with the characteristic of bipolar transistor. 

A semiconductor device comprises an insulat- 
ing region residing adjacent to a first semiconduc- 
tor region, a control electrode residing via the in- 
sulating region, a second semiconductor region 
and a third semiconductor region, which have an 
opposite conduction type to that of the first semi- 
conductor region, residing adjacent to and carrying 
therebetween the first semiconductor region. When 
the first, second and third semiconductor regions 
and the control electrode are grounded, the first 
semiconductor region in contact with the insulating 
layer is adjusted to be in weak inversion state, and 
the potential of the control electrode and that of the 
first semiconductor region are electrically coupled 
to be operable. 

Clainns 

1. A semiconductor device comprising an insulat- 
ing region residing adjacent to a first semicon- 
ductor region, a control electrode residing via 
said insulating region, a second semiconductor 
region and a third semiconductor region, which 
have an opposite conduction type to that of 
said first semiconductor region, residing adja- 
cent to and carrying therebetween said first 
semiconductor region, characterized in that: 
in the state where said first, second and 



third semiconductor regions and said control 
electrode are grounded, said first semiconduc- 
tor region in contact with said insulating layer 
is adjusted to be in weak inversion state, and 
5 the potential of said control electrode and that 

of said first semiconductor region are elec- 
trically coupled to be operable. 

2. A semiconductor device according to claim 1, 
10 wherein in said first, second and third semi- 
conductor regions reside on an insulating sub- 
strate, and said first, second and third semi- 
conductor regions may be disposed to be in 
contact with one another in the order of said 

75 second, first and third semiconductor regions, 

and with said insulating substrate to have a 
Silicon on Insulator (SOI) structure. 

3. A semiconductor device according to claim 1. 
20 wherein said first, second and third semicon- 
ductor regions reside on a bulk semiconductor, 
and semiconductors in said first, second and 
third semiconductor regions may be disposed 
to be in contact with one another in the order 

25 of said second, first and third semiconductor 

regions, and with said insulating substrate to 
have a structure. 

4. A semiconductor device according to any one 
30 of claims 1 to 3, wherein the work function of 

said control electrode material, the film thick- 
ness of said insulating layer, and the impurity 
concentration of said semiconductor region of 
the first conduction type are set so that said 
35 first semiconductor region in contact with said 

insulating layer may be in weak inversion state. 

5. A semiconductor device according to claims 1 
to 4, wherein said control electrode is a gate 

40 electrode, said first semiconductor region is a 

channel region directly below the gate elec- 
trode, and said second and third semiconduc- 
tor regions are a source region and a drain 
region, respectively, to constitute a MOS tran- 

45 sistor. 

6. A semiconductor device according to claims 1 
to 5, wherein said first semiconductor region in 
contact with said insulating layer is in weak 

50 inversion state, and a depletion layer with a 

MOS structure reaches said insulating sub- 
strate. 

7. A semiconductor device according to claim 5 
55 or 6, wherein the work function of said control 

electrode material, the film thickness of said 
insulating layer, and the impurity concentration 
and film thickness of said semiconductor re- 
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gion of the first conduction type are set so that 
said first semiconductor region in contact with 
said insulating layer nnay be in weak inversion 
state. 

8. A senniconductor device according to any one 
of claims 1 to 5, wherein said first semiconduc- 
tor region is a base region, and said second 
and third semiconductor regions are an emitter 
region and a collector region, respectively, to 
constitute a bipolar transistor. 

9. A semiconductor device according to claim 8, 
wherein the distance from emitter junction of 
said base region to collector junction is equal 
to or less than 0.3 um. 

10. A semiconductor device according to claim 1, 
wherein a base region of said first semicon- 
ductor region is formed by diffusion of impuri- 
ties from the substrate surface, and said con- 
trol electrode is formed via an insulating film 
on the side of said base region to constitute a 
bipolar transistor. 

11. A semiconductor device according to claim 10, 
wherein the impurity concentration profile in 
said base region is smaller from emitter junc- 
tion to collector junction. 

12. A semiconductor device according to claim 10 
or 11, wherein two or more emitter regions 
serving as said second semiconductor region 
are formed. 

13. A semiconductor device according to any one 
of claims 10 to 12, wherein a thin oxide film is 
provided between the emitter region serving as 
said second semiconductor region and the em- 
itter electrode, the conduction between said 
emitter region and said emitter electrode being 
through the use of tunnel current. 

14. A semiconductor device according to any one 
of claims 10 to 13, wherein said semiconductor 
device is made on an insulator to constitute an 
SOI (Silicon on Insulator). 

15. A semiconductor device according to any one 
of claims 10 to 14, wherein the emitter region 
serving as said second semiconductor region 
is constituted from a semiconductor having a 
larger forbidden band width than the semicon- 
ductor constituting said base region. 

16. A semiconductor device according to claim 15, 
wherein said semiconductor having larger for- 
bidden band width is made of microcrystalline 



or amorphous semiconductor. 

17. A semiconductor device according to claim 15, 
wherein said semiconductor having large for- 

5 bidden band width is made of SiC. 

18. A fabrication method for a semiconductor de- 
vice wherein an emitter region, a base region 
and a collector region are laterally formed on 

70 an SOI substrate having a semiconductor re- 

gion on the surface of an Insulating layer or 
insulator, and comprising an electrode for con- 
trolling the conduction type of the base region 
via an insulating film, characterized by includ- 

75 ing the following processes (A) to (E) which are 

performed In sequence: 

(A) a process of forming a first insulating 
film region and a second insulating film 
region having a greater thickness than that 

20 of said first Insulating film region on said 

semiconductor layer of the first conduction 
type provided on the surface of said insulat- 
ing layer or said insulator; 

(B) a process of introducing and activating 
25 impurities of the second conduction type 

into said second semiconductor region be- 
low said first insulating film region with said 
second insulating film region as a mask; 

(C) a process of depositing a conduction 
30 film on said first and second Insulating film 

regions and forming a control electrode by 
anisotropic etching to leave behind at least 
a side wall conduction film deposited in a 
stepped side wall portion between said first 
35 Insulating film region and said second in- 

sulating film region to be directly above the 
base region; 

(D) a process of making said emitter region 
and said collector region by introducing and 

40 activating Impurities of the first conduction 

type with said control electrode and said 
second insulating film region as a mask; 
and 

(E) a process of electrically connecting said 
45 control electrode with a lead-out electrode 

of said base region. 



19. A fabrication method of semiconductor device 
according to claim 18, further comprising a 
process of implanting C ions into the emitter 
region in performing said process (D) to con- 
stitute the emitter region of SiC. 



50 



55 



20. A fabrication method of semiconductor device 
according to claim 18, further comprising a 
process of implanting Si ions into said emitter 
region in performing said process (D) to con- 
stitute said emitter region of microcrystalline 
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semiconductor or amorphous semiconductor. 

21. A fabrication method of semiconductor device 
wherein an emitter region, a base region, and a 
collector region are vertically formed, and the 5 
conduction type of said base region is con- 
trolled via a control electrode, characterized by 
including at least the following processes (A) to 
(E) which are performed in sequence: 

(A) a process of implanting impurity ions io 
from the surface to make on a semiconduc- 
tor substrate of the first conduction type, a 

well region of the second conduction type 
opposite to that of said semiconductor sub- 
strate, and conducting heat treatment; 75 

(B) a process of making epitaxial growth to 
deposit a region with small impurity con- 
centration of the second conduction type 
equal to that of said well region on said well 
region (the region made through this pro- 20 
cess is hereinafter abbreviated as an epitax- 
ial region); 

(C) a process of Implanting impurity ions of 
the second conduction type into a part of 

said epitaxial region to make said emitter 25 
region a high concentration impurity region; 

(D) a process of removing selectively said 
epitaxial region; 

(E) a process of depositing an insulating 
region on said epitaxial region; 30 

(F) a process of depositing a low resistive 
region on said insulating region and remov- 
ing it with only the portion serving as a 
control electrode left behind; 

(G) a process of depositing a new Insulating 35 
region to cover said control electrode; 

(H) a process of making said base region 
by implanting impurity ions of the first con- 
duction type into said epitaxial region; and 

(J) a process of making said emitter region 40 
by implanting impurity ions of the second 
conduction type into said epitaxial region. 



24. A fabrication method of semiconductor device 
according to any one of claims 21 to 23, 
further comprising a process (K) of depositing 
said insulating film on said epitaxial region 
which becomes an emitter region to render the 
current from emitter electrode to emitter region 
passing through the insulating film only a tun- 
nel current after the (J) process. 

25. A fabrication method of semiconductor device 
according to any one of claims 21 to 24, 
wherein a plurality of emitter regions are made 
by implanting impurity ions of the second con- 
duction type into the plurality of regions in the 
process (C). 



22. A fabrication method of semiconductor device 
according to claim 21, further comprising a 45 
process of implanting C tons in implanting im- 
purity ions into said epitaxial region in the (J) 
process to constitute said emitter region of SiC 

to have a greater forbidden band width. 

50 

23. A fabrication method of semiconductor device 
according to claim 21, further comprising a 
process of implanting Si ions in implanting 
impurity ions into said epitaxial region in the 

(J) process to constitute said emitter region of 55 
microcrystalline or amorphous Si to have a 
greater forbidden band width. 
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@ A semiconductor device comprises an insulating 
region residing adjacent to a first semiconductor 
region, a control electrode residing via the insulating 
region, a second semiconductor region and a third 
semiconductor region, which have an opposite con- 
duction type to that of the first semiconductor region, 
residing adjacent to and carrying therebetween the 
first semiconductor region. When the first, second 
and third semiconductor regions and the control 
electrode are grounded, the first semiconductor re- 
gion in contact with the insulating layer is adjusted to 
be in weak inversion state, and the potential of the 
control electrode and that of the first semiconductor 
region are electrically coupled to be operable. 
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